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Forests are the biggest carbon pool on ground. Long lived wood Biomass estimation of the forest 
ecosystem enables us to estimate the expanse emissions of carbon dioxide (CO2).This study assesses 
growth, biomass, carbon (C) storage and carbon sequestration potential over two inventory period 
(2006 and 2016) in different age plantation. Woody species data (DBH cm and height m) collection 
was done by sampling listing method.The study also collected data on recent conditions of the study 
sites; woody plant species, structure and the carbon stock in above and blew ground carbon pools.The 
result of the present study revealed that mean carbon stock, above and blew ground biomass and CO2 
emissions in inventory period of 2006 and 2016 were 67.4, 31.68 ton/ha and 116.16 gC/ha 
respectively. The study concluded that plantations have great potential for carbon sequestration. The 
study recommended that increasing more plantations and retaining it for a longer period of time have 
positive role in reducing the carbon dioxide concentrations of atmospheric. 
 
 
1. Introduction 
 
    Forest ecosystems play principal roles in the carbon cycle for they store large volumes of carbon (C) in their 
biomass and soil, and interact with atmospheric processes through the absorption and respiration of carbon 
dioxide (CO2) (Vashum and Jayakumar, 2012; Houghton et al., 2005; Goodale et al., 2002).Though, according to 
Clark (2004; 2012) and Lewis (2006) a quick increase in the rate of deforestation especially in the tropics 
reduces the CO2 mitigation potential of tropics posing a possible peril of converting them from being a global 
carbon sink to a net carbon source. Forest inventory data are valuable resources in forest carbon research as they 
provide true ground-based estimates of C stock and are statistically representative of land-use change and 
disturbance (Houghton and Hackler, 1999). Deforestation and degradation of forests lead to emission of CO2 
through burning of forest biomass and decomposition of plant parts and soil carbon. These human activities have 
accelerated and contributed to a long-term rise in atmospheric carbon dioxide level. According to Sheikh et al. 
(2009) it is estimated that about 86% of the terrestrial above-ground carbon and 73% of the earth’s soil carbon 
are stored in the forests. It was suggested that partial of matured forests could also sequester carbon and the rate 
of sequestering carbon could be further increased if human stresses are reduced or removed from these forests 
(Lugo and Brown, 1992). Avtar et al. (2011) reported that one other important reason for growing plantations is 
to meet the ever-increasing demand for forest and forest products, which has proved to be an outcome of 
population explosion. Plantations produce wood and other products sooner than the natural forests. And they 
also help in soil and water conservation (Stephens et al. 2007). According to Canadell et al. (2007) plantation has 
been known to reveal considerable potential in absorbing and storing C which helps in mitigating climate 
change. All the above-mentioned reasons have made plantations to become an interesting topic of research in the 
present situation. According to Mohanraj et al (2011) regional terrestrial carbon accounting is very important to 
address global climate change mitigation, particularly in tropical areas. 
 
    Ravindranath and Ostwald (2008) reported the above-ground biomass of a tree constitutes the major portion of 
the carbon pool. It is the most important and visible carbon pool of the terrestrial forest ecosystem. Any changes 
in the land use system like forest degradation and deforestation has a direct impact on this component of the 
carbon pool. The below-ground biomass which constitutes all the live roots plays an important role in the carbon 
cycle by transporting and storing carbon in the soil (Eggleston et al. 2006). 
 
    Few studies make the inventory-based C estimates across several countries to show a large-scale C balance for 
the forest part. There have limited knowledge about doubts in most inventory-based forest carbon estimates and 
about cross-nation comparisons of forest inventory studies for carbon (Smith and Heath, 2000; Goodale et al., 
2002). The present study was conducted with the objective of estimating the above ground biomass (AGB), 
carbon sequestration and its rate over the based on data from two inventory period 2006 and 2016 in AbuGeili 
plantation forest. 
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2. Material and Methods 
 
2.1. Description of the Study Area 
 
    The geographical location of AbuGieli forest is between 13˚34’43’’North latitude 33˚35’41’’East longitude 
and with a total are of 338.94 hectare. The average altitude of AbuGieli is 420 meters above sea level. It is 
situated in low rainfall Savanna wood land. April and May are the hottest months, and December and January 
are the coldest. The average annual rainfall of the state is 450 mm. The soil of the research farm was referred to 
as cracking clay and The Blue Nile bank is covered with a mantle of alluvial soil.  
 
2.2. Estimation of Above and Belowground Biomass 
 
    Growth parameters such as, woody plant height and diameter at breast height (1.3 m) was recorded in March 
2016. Woody species data collection was done by systematic sampling method total of 64 circular sample plots 
of 1000m2 (0.1 ha) each were laid out in the study sites. Secondary data (time period of 2006) were collected 
from Forests National corporation (FNC) records and historic inventory data and related references. Estimation 
of Aboveground biomass accumulation and carbon in block plantation of different age was performed using 
allometric equations that were developed by Brown et al (1989): 
Y= 34.4703 - 8.0671(DBH) + 0.6589(DBH2) .Where, Y is above ground biomass, DBH is diameter at breast 
height. 
    Belowground biomass was calculated; according to Mac Dicken (1997) reported that’s standard method for 
estimation of below ground biomass can be obtained as 20% of above ground tree biomass. Also, Pearson et al. 
(2005) described this method to apply a regression model to determine below ground biomass from knowledge 
of biomass aboveground. The equation is given below: 
BGB = AGB × 0.2. Where, BGB is below ground biomass, AGB is above ground biomass, 0.2 is 20% of AGB. 
To quantify carbon stocks from the AGB- and BGB estimates a conversion factor of 0.5 as suggested by the 
IPCC (2007) was used.  
Total C-stock (kg/ha) = 0.47 * (Total Biomass) 
CO2 absorption was calculated by the estimated carbon stock was converted into CO2 absorption = (44/12) * C. 
 
2.3. Statistical analyses 
 
    Data were accomplished by organizing and recording into the excel sheet and different comparison graphs and 
tables. The data obtained from DBH and Height of each was analyzed using version16, the one-way analysis of 
variance procedures of the Statistical Package for Social Sciences (SPSS) software program,  
 
3. Result and Discussion  
 
3.1. Carbon Stock in AGB Carbon Pools 
 
 
    Result of the above ground biomass carbon pools in both studies inventory period showed that 2006 time 
period has more carbon pools than 2016 time period (Table 1). From 2016 inventory period, the minimum and 
maximum AGB per tree were 0.0097 ton tree-1 and 78.20 ton tree-1 with mean value of 0.187ton tree-1, while the 
total biomass stored was 10741.008 ton and 31.69063 ton ha-1.  
 
    In contrast, AGB of 2006 inventory period with the smallest and highest value ton per tree were 0.0097ton 
tree-1 and 69.38 ton tree-1 respectively with the mean value of 0.1923ton tree-1 while the total AGB was 19038.25 
ton with 58.3 ton ha-1. Higher AGB was recorded from 2006 inventory period (Table 1).  
This could be due to the DBH difference of woody plant species, as well as could be the type and number of 
woody specie listed that had brought the difference. The variation in the biomass and the lesser values of C 
among the plantations may be due to differences in age structure, species composition, and storage potential, 
stage of development and site characteristics (Kumar et al. 1998), as well as deforestation and degradation of 
study site. 
 
    The amount of carbon stock and carbon dioxide sequestered in above ground and below ground at 2016 and 
2006 inventory period were 17.87ton and 31.68ton ha-1 with the mean value of 0.481 ton per woody species, 
showing that preventing one woody plant from cutting can store 24.77 ton carbon on the average. A study by 
Marshet et al. (2015) reported that carbon stock in above ground and below ground was 303.6 ton and 21.7 ton 
ha-1 with the mean value of 0.13 ton per woody species, showing that woody plant can store 0.13 ton carbon on 
the average. 
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Table 1. Summary of carbon in aboveground pool with maximum and minimum per /species in two inventory period (2006 
and 2016). 
 
Carbon  pool Inventory Period 
AGB 
Total (ton) Ton/ha Max 
(ton)/species 
Min  
(ton) /species 
Mean  
2016 
10741.0 31.69 78.20 0.00977 0.1873 
2006 19038.25 56.17 69.38 0.0097 0.1923 
Carbon pool  Inventory Period 
AGB AGC BGB BGC Total carbon (t/ha) 
2016 31.69 14.89 6.33 2.97 17.87 
2006 56.17 26.40 11.23 5.28 31.68 
Mean 43.93 20.64 8.78 4.125 24.775 
 
    Mean DBH, height, frequency and density were found to be 29.62cm±16.07, 12.40m±3.627, 10.04±21.63and 
77.39±73.79, respectively at the 2016 inventory period, which higher to 33.86±13.05cm, 16.16±5.564, 
11.04±20.26 and 100.18±128.81, respectively, at the 2006 inventory period (Table 2). 
 
    Data related to DBH, Height, Density and Frequency of woody plants were given in Tables 2. According to 
these results, the following species had higher frequency % and density as recorded at 2006 yrs inventory period. 
These include Acacia nilotica sub tomentosa, Eucalyptus camaldulensis, Ailanthus excels, Khaya senegalensis. 
Species having lower number of individuals, frequency % and density were Acacia seyal var.seyal, Acacia 
sieberiana, Fadherbia albida, Sclerocarya birrea , Elaeis guineens and Mangifera indica. At 2016 inventory 
period, those species Acacia nilotica sub tomentosa, Khaya senegalensis and Ailanthus excels had also high 
percent frequency and density. However, species like Mangifera indica, Sclerocarya birrea Elaeis guineens, 
Albizia lebbeck, Acacia ehrenbergiana had few number of occurrence and recorded least frequency percent and 
density. 
 
Table 2. Botanical Name of Species, mean DBH and Height and population of each species, Frequency % of and Density/ha 
in 2016 and 2006 inventory period of AbuGeili Forest 
 
Inventory 
period 
Botanical Name DBH (cm) Height (m) Frequency 
% of species 
Density/ha 
Acacia nilotica sub. tomentosa  (Benth) Brenan  18.64 12.96 84.37 153.5 
Eucalyptus camaldulensis  Dehn 18.37 12.02 6.25 206 
Khaya  senegalensis (Desr.) A. Juss. 45.20 20.95 10.93 102 
Azadirachta  indica  A. Juss 33.43 14.22 4.69 70 
Ailanthus  excelsa  Roxb 21.71 14.67 10.93 52 
Mangifra  indica  L. 60 13 1.56 10 
Balanites  aegyptiaca 16.9 8 3.13 25 
Faidherbia albida (Del.) A. chev 32.46 13.70 6.25 75 
Elaeis guineensis Jacq. 47 7.15 1.56 20 
Dalbergia sisso Roxb 15.09 10.69 3.13 240 
Cassia fistula  L. 17.51 13.25 3.13 70 
Sclerocarya birrea (A. Rich.) Hochst.  33 13 1.56 10 
Albizia lebbeck (L.) Benth 50.25 13.5 1.56 20 
 
2016 
Acacia ehrenbergiana  Hayne 5.1 6.5 1.56 30 
Total  29.62±16.07 12.40±3.62 10.04±21.63 77.39±73.79 
Acacia nilotica sub. tomentosa (Benth) Brenan 17.92 13.42 71.42 332 
Eucalyptus camaldulensis  Dehn 15.23 13.75 8.93 370 
Khaya  senegalensis  (Desr.) A. Juss 40.64 26.06 7.14 120 
Azadirachta  indica  A. Juss 45.38 21 7.14 80 
Ailanthus  excelsa  Roxb 25.46 13.8 10.71 70 
Acacia seyal var. seyal 19.28 11.5 1.79 40 
Mangifra  indica  L. 44.4 25 1.79 30 
Balanites  aegyptiaca (L.) Delile 28.1 15.5 3.57 20 
Acacia sieberiana  DC 53.5 12 3.57 10 
Fadherbia albida (Del.) A. chev 40.5 16.75 3.57 20 
 
2006 
Acacia tortiles  (Forssk) Hayne 42 9 1.79 10 
Total  33.86±13.05 16.16±5.56 11.04±20.26 100.18±128.81 
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    Maximum AGC was recorded from Azadirachta indica 2006 and Mangifra indica 2016, which had 1.23 and 
1.08 ton per species respectively. A species that had least AGC was Acacia niltica sub tomentosa which was 
74.11 and 121.79 ton per species (Table 3). Species which had high above ground carbon stock could be 
attributed to their high number of DBH value and their population/ individuals listed in the area, this agreed with 
Marshet et al. (2015). In contrast, woody species had least carbon stock value had been done to small number of 
population and small classes DBH were observed. 
 
    The estimated biomass (above and below ground) was 67.40 ton/ha at inventory period of 2006, which was 
about 2 times higher than inventory period 2016.In the same way CO2 absorption increased from 65.53 to 116.16 
Mg C ha-1 when woody plant inventory period from 2016 to 2006 (Fig. 1). Assumption of 50 % of tree biomass 
as carbon content by IPCC was deviated in the present study. The literature also revealed that carbon content in 
different treeparts has been generally assumed to be 45%–50%of the dry weight (Wang and Feng, 1995; Rizvi et 
al., 2011). 
 
    Above ground biomass of 2016 inventory period was lower than the 2006 inventory period. This may be due 
to woody species in the study area that are lightly distributed, very young and shrubs which results with small 
mean ABC stock when compared to the Church Forest (Tulu Tolla, 2011).In general, the results of this study is 
range between that recounted for the global above ground biomass and carbon stock in tropical dry and wet 
forests which range 13.5-122.85 t ha-1 and 95-527.85 t ha-1, respectively (Murphy and Lugo, 1986). Therefore, 
the study sites woody plants would-be to reduce GHGs from the near similar to that of forest in wide area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Total biomass and CO2 absorption under two inventory period of AbuGeili Forest 
 
 
Table 3. DBH, biomass and carbon stock estimation in two inventory period of AbuGeili forest 
 
Inventory periods 
2016 2006 
 
 
Species  DBH 
cm 
Biomass 
(kg/tree) 
C-stock 
(kg C/tree 
DBH 
cm 
Biomass 
(kg/tree) 
C-stock 
(kg C/tree 
Eucalyptus camaldulensis 18.37 267.75 125.84 15.23 77.33 36.34 
Azadirachta  indica 33.43 820.58 385.67 45.38 1230.34 578.26 
Mangifra  indica 60 2306.98 1084.28 44.4 1170.26 550.02 
Balanites aegyptiaca 16.9 126.64 509.52 28.1 393.67 185.02 
Khaya  senegalensis 45.20 1568.72 737.30 40.64 953.84 448.30 
Ailanthus excelsa 21.71 222.76 104.69 25.46 307.42 144.49 
Fadherbia  albida      32.46 727.64 341.99 40.5 946.21 444.72 
Acacia niltica 18.64 157.69 74.11 17.92 121.79 57.24 
 
    A significant positive correlation between DBH and biomass (Fig. 2 and 3)  by way of concluded in the 
present study is demonstrated by other study ( Brown et al. 1989)  which have also reported a high correlation 
between BA and biomass, as well as between BA and total woody C.  
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Fig. 2. Regression between DBH and Total biomass in the 2016 inventory period at AbuGieli forest Sinnar state Sudan 
 
 
 
Fig. 3. Regression between DBH and Total biomass in the 2006 inventory period at AbuGieli forest Sinnar state Sudan 
 
5. Conclusion 
 
    Maximum carbon sequestration rate was recorded with inventory period of 2006 (116.16 Mg C ha-1), but 
decline started with the inventory period of 2016, this could be due to degradations of structure, species 
compositions density and sizes, of woody plant species of the study sites.  Estimation of the forest carbon stocks 
will support us to assess the amount of carbon loss during deforestation or degradation and the amount of carbon 
that a forest can store when such forests are reforestation. 
Forest resources management of national program should be considered to reduce deforestation and forest 
degradation is becoming essential tool for environmental protection and these are greatly recommended. 
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